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Bio-Materials. 3 . Experimental Ultra-low Speed Wind Energy Investigation for Modular Applications. 4 . Studies on Sustainability, Recyclability & Safety of AM Materials. 5. Advancements in the study of the Impacts of student participation in Campus Sustainability. 6 . Development & Implementation of Campus Sustainability Best Practices -CAU 7. Design, Development & Implementation of LEED Laboratories -a multidisciplinary immersion course that utilizes the built environment to educate and prepare students to become green building leaders and sustainability-focused citizens. 8 • Okhio, C. B., Panaitescu, R., Asgill, A., Misoc, F., Tippens, S., Orekan, T. Energy Production and Consumption - Introduction America consumes about twenty-five percent (25%) of the oil produced around the world, but our nation holds less than three percent (3%) of the world's proven oil reserves (Energy Information Administration). The Department of Energy estimates that by the year 2025, our dependence on oil would increase by nearly 70 percent (Durante) . With these two strong facts, the United States simply cannot continue to rely on oil as we have in the past. The Energy Tax Act of 1978 was the first response to the petroleum crisis. That response increased the demand for alternative and renewable fuel sources: "Our overall gasohol program will spur the investments that we, together, must make for a more secure energy future. We will create new markets for our farmers. We will no longer have to throw away waste materials which can be turned into profitable essential fuels" (Carter, 1980) . The United States foresaw that an alternative fuel source would be viable and needed.
Congress, innovators and entrepreneurs in the United States, have come together to create new technologies and alternative fuels to lower the nation's dependence on foreign oil and petroleum. They asked themselves: What can be used as an alternative fuel source that can replace energy sources such as gasoline? The review of literature and research revealed that Bioethanol is the clue. Bioethanol is an alcohol-based fuel made from plant materials. One plant that was determined to be a viable source of ethanol was corn. Consequently, farmers across the nation have increased corn production to meet the growing demand for corn-based ethanol.
Seeing that corn would eventually not be a sustainable source of bioethanol due to the fact that it is a primary food source in the United States and elsewhere, this study was initiated to find an alternative to Dec 27, 2015
Okhio 2 corn, called "Kudzu Plant". Initially, this research project was intended to design, build, and test a model Kudzu-Oil production plant. Then it was extended to determine whether Kudzu can be used as a sustainable source for ethanol.
Why Kudzu? This is an interesting question -why use the plant Kudzu as a production source for ethanol? It is a question that hasn't crossed many people's minds, but for those who it has, the answers are quite promising. The demand for ethanol in the United States is rising rapidly. In 2005, 13.6 percent of corn produced went towards the production of ethanol, and with the high demand, it continues to rise each year (Cooper). Should we not further explore an invasive and abundantly available weed such as Kudzu for its value as a source of ethanol fuel rather than a food source?
There are numerous advantages to using Kudzu as a raw material for the production of ethanol rather than other methods such as corn. Kudzu grows one foot a day, sixty feet a season, and can be harvested twice a year. All parts of the plant (root, vines, and leaves) are productive, so no leftovers are wasted after harvesting. Kudzu has a very large weight of carbohydrates; it constitutes at least 2/3 of the plant weight. Also it is cheap, and the price will not be raised because it is not tied to the commodities market (BioZio). One big advantage of using Kudzu would be replacing corn. Corn is an incredibly important crop. Corn is used to feed livestock, and in production of nearly every food or beverage product. With its high demand, the price of corn is rising as well. American corn supplies are dropping due to drought and its use for ethanol. This leads to many problems such as widespread inflation, world hunger, less food security, slow economic growth, and political instability (Carter) . Using Kudzu solves two problems: the problems resulting from using corn as a production of ethanol fuel, and the removal of the invasive weed from destroyed and overtaken crop fields. Sugar cane is another common source of ethanol production, but it is another food source that is in high demand.
The amount of ethanol that can be processed from Kudzu is comparable to that of corn. Corn can produce about 2.8 gallons of ethanol per bushel (Cooper) . Experiments in the literature (BioZio) shows that five gallons of Kudzu mash, equals about half a gallon of ethanol, which can produce about 270 gallons of ethanol per acre. This is comparable to corn which amounts to anywhere from 210 to 320 gallons per acre (BioZio). Also, Chem-Tech Research shows that Kudzu plants containing the optimum Carbon/Nitrogen ratio of 35.2 produces an ethanol yield of 8.85 grams/liter (Manikandan) . Samples returned a C/N ratio close to 50, being well suited for ethanol production. Our sample was the vines of the Kudzu plant, picked in Marietta, Georgia and Cohutta, Georgia. Again the advantage with using Kudzu is that every part of the plant can be utilized, with the vines actually producing the least amount of sugars and starches, leaves producing slightly more, and the most productive being the roots (Sage).
The advantages that Kudzu provides as a means of ethanol fuel cannot be under-estimated because it can help replace other sources of ethanol production. Besides, the plant is a burden to many. Our sources help unveil the potential for using Kudzu to produce ethanol fuel, as do our lab samples.
Processing: Harvesting
Initially, the vines and leaves of the kudzu plant were expected to be the primary raw material for ethanol production. The focus on green material led to preliminary designs of the harvesting process (Figure 1 ), which focused on maximizing the amount of growth per square foot. The design focused on suspension of hollow spheres containing soil and a seedling of kudzu across a strand. Strands were suspended in vertical rows. However, further investigation determined that the most desirable portion of the plant was actually the 'taproot'.
Once the taproot became the target of the harvest, further design of experimentation were explored. Hollow cylinders with holes at equally spaced intervals will become the nesting beds for the kudzu seedlings with cylinders being vertically set in the ground, filled with soil ( Figure 2 ). Since kudzu Dec 27, 2015 Okhio 3 flourishes in any kind of soil, locally gathered substrate can be used. This means that the added cost of potting soil will not impact the production cost. Using the cylinders also makes the process of harvesting the taproot of the plant a more controllable process. The harvesting process begins in January with setting up the cylinders and filling them with soil. Once the cylinders are erected and filled, seedlings will be planted in each of the holes in the cylinder surface.
As the plants grow, the leaves and vines will be harvested on a weekly basis. Since the cylinders will be uniform in shape, the development of a semi-automated harvesting device would be feasible. The plant matter will be harvested until the plant goes dormant in late fall. By December the taproot will have built up the stores of sugar that allows for the plants explosive growth during the spring. At this point the cylinders will be removed and emptied into a tumbler device that will shake the soil. This process will separate the roots from the soil. A similar device is used in the harvesting of potatoes. This will be the primary source of material for the ethanol production process. A secondary source can be found in the other parts of existing kudzu plants.
Secondary Harvesting
Secondary harvesting will occur during the winter months when the kudzu is dormant. Since kudzu is a feral plant, a case could be made that eliminating grouped infestations of the plant would yield environmental benefits. This argument could be levied to obtain federal or private grants to subsidize the harvesting of wild kudzu. Local and state governments will be offered the opportunity to have their lands infested with kudzu to be cleared. The governments would pay for the cost of removal and transport of the kudzu. Since the process removes the taproot that makes kudzu so resilient, the infestation could be eradicated, which eliminates the government's annual expenditure to control the kudzu, and yields the chance to use the land for purposes that may generate tax revenue. The time of the year would reduce the risk of wild encounters such as snakes. The process sounds simple, but obstacles still exist to tapping into this existing reserve of source material.
One major obstacle will be the randomness of the terrain encountered. Many areas infested with kudzu are completely covered, which masks the terrain beneath the plant. This unpredictable nature could prove hazardous to harvesting machinery and workers. A method of prevention would be having the terrain of each possible zone mapped before making any attempt to harvest. These mapping reports could be used to form a grading scale that quantifies the viability of each plot. The reports would list ground conditions as well as identify any large obstacles hidden by the kudzu (i.e. derelict cars, washing machines). Fees and subsidies could sanction the existing kudzu to become a source material during the winter in which the production process has slowed due to lack of available material.
Production Process
Production will begin by breaking down the plant matter into a "mash" (Figure 3 ). The plant matter will be fed into a large scale shredding machine that will chop the kudzu into a pulpy consistency. Initial designs for the shredder involve metal box containing interlocking blades spinning on two parallel rods. The blade axles are also parallel to the ground. Three pairs of blades will be stacked vertically with each pair of blades being closer together as the material descends. The actual spacing and speed of the blades will need to be determined through testing. The pulp exiting the shredder will move on to the next stage by a trough containing a conveyor system (Figure 1 ). A secondary breakdown stage will take place as the mash is fed into mashing device. Steel drums mounted parallel to each other with an exterior force pushing the cylinders together. The drums spin towards each other, which will feed the source matter in between the drums resulting in mashing and further breaking down the material. As the material exits the masher, it will be fed into storage tanks. The storage tanks are where the actual fermentation will take place. An ideal size for the tanks will need to be determined by testing. Once the source matter is in the tank, it will be combined with appropriate amounts of yeast and water. The tanks will be sealed and moved to a storage area for fermentation to take place. Fermentation time is another variable that will need to be determined by experiment. An estimate is of the order of 2-3 weeks, but will vary based on any number of environmental factors. Once fermentation is complete the mash will be ready for distillation.
One design alternative is that the storage containers will also serve as the distillation tank. Connections used to extract the ethanol would be capped during the fermentation process. One connection will connect the tank to the condensing coil to collect the ethanol. A second connection will collect byproducts produced below the ideal temperature (i.e. methanol 148°F).The tank would be moved to the distilling area and placed over a heat source. The boiling point of ethanol is 173.1°F which is far below water's boiling point of 212°F. Collection will involve several steps including monitoring.
As the temperature in the mash rises it will reach plateau points. These points will signify when a component of the mash is being boiled off. As previously mentioned, the boiling point for methanol is 148°F. Once the methanol begins to boil off, the temperature will hold steady until it is all gone. The steam produced at this time is not the desired product, but could prove to be a commodity. Methanol could be sold to chemical companies to produce products such as formaldehyde, plastics and other Algae oil derivatives. So, as this temperature is reached, an automated valve would open, allowing for the collection of methanol into its own specific condensing coil that feeds into a designated collection tank.
Once the temperature begins to climb again, the valve will close until the target temperature for ethanol is reached.
When the target temperature of 173°F is reached, the valve designated for ethanol will open and the steam will collect into the designated condensing coil. The condensing coil consists of copper pipe in a spring shape contained within an insulating chamber. This insulating chamber could be water cooled to accelerate the condensation of the steam back into liquid ethanol for collection. It is unknown whether it will be beneficial to continue the heating process so the water can be collected from the tanks and
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recycled. The idea is worth investigating, but will likely involve some cleaning and processing to be useable again. Since the goal of this endeavor is to find a more sustainable fuel source, minimizing the production of waste water should be a priority.
Waste Materials:
Once distillation is complete, the left over mash still exists. Possible options for disposal will depend on whether the end material contains any toxins. Mulch and fertilizer seem to be obvious choices for postproduction use of material. A portion could be used to promote growth of seedlings for the following year's crop or to enrich the soil used for planting. Steps will be taken to recycle water used in the process. The harvesting cylinders will be reused until no longer viable, and a possible choice of materials could be recycled plastics. Being exposed to the sun would allow the plastic to breakdown in the sunlight so that they do not contribute to the landfill.
Facility Requirements:
The ethanol production facility will need a large portion of land to grow and harvest the kudzu. The plant must be grown onsite to reduce shipping costs to the factory. An onsite water source would also be desirable for onsite irrigation. Having water well on the property would also reduce costs involved with using municipally supplied water. The land will also have to be stable enough to allow for subterranean storage tanks. Ethanol and many by-products of the process are volatile. The storage tanks and distillation plant will need to be protected from collection of static charges, sparking and open flames. 
Experimental Results

Conclusion
Designing, building and testing a model Kudzu-Oil Production plant was achieved. It was discovered that there were several advantages to using Kudzu in the production of ethanol. However, with current methods, more work need to be done to make it a viable replacement for present day other sources of supply. This research indicates that the taproot is the most desirable portion of the plant, shifting focus away from the leaves and vines alone. The entirety of our research and tests show that Kudzu is a viable source of ethanol, but will require further innovation to become a standalone source of ethanol so as to rival corn, or sugar cane. KUDZU will be adequate for a modest domestic production source for Ethanol. In addition, Kudzu-based ethanol will be better suited for the production of biofuel: that is, bio-diesel and bio-gasoline, as opposed to corn-based ethanol for obvious reasons. Thus, the extensive development of Kudzu ethanol will substantially reduce the use of corn for biofuel production. Research also reveals that oil extraction from microalgae through hydrothermal liquefaction is the most efficient method of bio-oil production (M. Tantiphiphatthana et al 2015) . Therefore, further investigations will be carried out to determine the cost effectiveness of microalgae-based bio-gasoline, blended with Kudzu-based Ethanol, as an enhancement of the octane index.
